Introduction: Response to antiretroviral therapy (ART) among individuals infected with HIV-2 is poorly described. We compared the immunological response among patients treated with three nucleoside reverse-transcriptase inhibitors (NRTIs) to boosted protease inhibitor (PI) and unboosted PI-based regimens in West Africa. Methods: This prospective cohort study enrolled treatment-naïve HIV-2-infected patients within the International Epidemiological Databases to Evaluate AIDS collaboration in West Africa. We used mixed models to compare the CD4 count response to treatment over 12 months between regimens. Results: Of 422 HIV-2-infected patients, 285 (67.5%) were treated with a boosted PI-based regimen, 104 (24.6%) with an unboosted PI-based regimen and 33 (7.8%) with three NRTIs. Treatment groups were comparable with regard to gender (54.5% female) and median age at ART initiation (45.3 years; interquartile range 38.3 to 51.8). Treatment groups differed by clinical stage (21.2%, 16.8% and 17.3% at CDC Stage C or World Health Organization Stage IV for the triple NRTI, boosted PI and unboosted PI groups, respectively, p 00.02), median length of follow-up (12.9, 17.7 and 44.0 months for the triple NRTI, the boosted PI and the unboosted PI groups, respectively, pB0.001) and baseline median CD4 count (192, 173 and 129 cells/ml in the triple NRTI, the boosted PI and the unboosted PI-based regimen groups, respectively, p 00.003). CD4 count recovery at 12 months was higher for patients treated with boosted PI-based regimens than those treated with three NRTIs or with unboosted PI-based regimens (191 cells/ml, 95% CI 142 to 241; 110 cells/ml, 95% CI 29 to 192; 133 cells/ml, 95% CI 80 to 186, respectively, p 00.004). Conclusions: In this observational study using African data, boosted PI-containing regimens had better immunological response compared to triple NRTI combinations and unboosted PI-based regimens at 12 months. A randomized clinical trial is still required to determine the best initial regimen for treating HIV-2 infected patients.
Introduction
Between one and two million people are estimated to be living with HIV-2 infection in West Africa [1] , the region that is the epicentre of the HIV-2 epidemic, with prevalence apparently decreasing over time [2Á5] . Although there is limited experience in the management of HIV-2 infection worldwide, it is well known that HIV-2 is naturally resistant to the non-nucleoside reverse-transcriptase inhibitors (NNRTIs) [6, 7] that have been part of the standard first-line antiretroviral therapy (ART) for the treatment of HIV-1 infection in low-income countries for the past decade. In the 2010 treatment guidelines [8] , the World Health Organization (WHO) recommended treating patients living with HIV-2 in limitedresource countries with an ART regimen containing a ritonavir-boosted protease inhibitor (PI) plus two nucleoside reverse-transcriptase inhibitors (NRTIs). Triple NRTI regimens were recommended only in patients with CD4 counts !200 cells/mm 3 . In the 2013 guidelines [9] , WHO recommendations proposed a regimen containing three NRTIs or a ritonavirboosted PI plus two NRTIs. If a PI-based regimen is used, the preferred option for first-line PI is lopinavir. However, this recommendation is based on weak evidence according to WHO grading criteria [8Á11] . Although PIs are active against HIV-2, they show varying degrees of activity due to natural protease polymorphisms. A study that compared the potency of different PIs against HIV-2 showed that lopinavir, saquinavir, tipranavir and darunavir were the most potent [10] . Another study reported that saquinavir, lopinavir and darunavir are potent inhibitors of HIV-2 isolates [12] .
In the context of the large and still ongoing scale-up of ART in the West African region, HIV-2 infection causes specific operational, clinical and public health challenges [13] . First, the lack of routinely available rapid antibody tests to differentiate between HIV-1 and HIV-2 can lead to delayed diagnoses and thus to initiation of inappropriate and ineffective first-line ART prescriptions [14, 15] . Indeed, a previous study of our group [15] showed that despite international recommendations 17% of HIV-2-infected patients were initially treated with inappropriate NNRTI-containing regimens, resulting in poor immunological response mainly due to late confirmation of HIV-2 infection [15] . Second, the lack of commercial viral load quantification assay [16] impacts on the monitoring of HIV-2 infected patients [13, 17] .
Owing to its low prevalence and its geographical restriction to West Africa, response to ART in HIV-2 infection is still poorly understood [4, 18] . There have been no randomized trials investigating the response to ART regimens in HIV-2-infected patients [19] . Only a few observational cohort studies with limited sample size have provided information on HIV-2-infected patients on ART in Europe and in the United States Whereas the data have generally favoured boosted PI regimens over those comprised of triple NRTIs, to our knowledge, only one report from a European collaboration [20] and two from West Africa [15, 30] explicitly compared the two first-line regimens. Using data from the International Epidemiological Database to Evaluate AIDS West Africa (IeDEA-WA) HIV-2 collaboration [32] , we aimed to investigate the impact of first-line ART regimens on immunological response within the first 12 months of ART, for HIV-2 infected patients in the West Africa region where there are limited options for second-line regimens.
Methods
Description of the cohort Since 2006 a network of adult and paediatric HIV clinics in West Africa has existed as part of the global IeDEA Collaboration (www.iedea.org/), funded by the US National Institutes of Health [32] . The IeDEA-WA HIV-2 cohort was recently established in order to better understand the epidemiology, care patterns and treatment of HIV-2 infection [33] . This cohort includes HIV-2 and dually HIV-1-and HIV-2-infected patients, on ART or not, followed in 12 clinics located in five West African countries (six in Côte d'Ivoire, two in Mali, two in Burkina Faso, one in Benin and one in Senegal).
Data collection
Standardized questionnaires capturing the relevant information on HIV-2 care were developed with an electronic database implemented at the site level. All sites completed the specific questionnaires retrospectively and then prospectively and entered the data into the IeDEA-WA HIV-2 database. The databases from each site are sent every six months to the Regional Centre in Abidjan 
Inclusion criteria
Patients aged !17 years at ART initiation and with an HIV-2 infection confirmed by two or three rapid HIV tests based on country-specific national algorithms were eligible for this analysis. Only those patients who initiated ART with three NRTIs or a PI-based regimen were included. Patients without documented CD4 count at ART initiation and/or with unknown gender were excluded.
Antiretroviral treatment
ART was provided to the HIV-2 infected patients according to the national guidelines. In West Africa, HIV-2 treatment guidelines were based on WHO recommendations [34] . Up to 2013, the recommended first-line regimen contained three NRTIs (tenofovir (TDF)'lamivudine (3TC) or emtricitabine (FTC)'zidovudine (AZT) or AZT'3TC'abacavir (ABC)). Since 2013, a boosted PI-based regimen has been recommended, with lopinavir being the preferred option. In patients for whom boosting the PI is contraindicated or not tolerated, a triple NRTI regimen was recommended (AZT'3TC or FTC'TDF or ABC).
Follow-up and CD4 count measurement After initiation into care, patients were typically followed up every six months or were seen in between scheduled visits if illness occurred. T-CD4 lymphocyte counts were measured every six months. The absolute CD4'/CD8' T-cell counts were performed using standard flow cytometry (FACScan, Becton Dickinson).
Statistical analysis CD4 count trajectories over the first 12 months of ART were modelled using linear mixed models (LMMs), with baseline defined as the date of ART initiation. We included all CD4 count measurements between baseline (or the first CD4 count recorded within a window of six months prior to baseline) and 24 months of follow-up (or six months later at the latest). In the main analysis, patients who switched initial treatment were right censored at the date of switching. We modelled the CD4 count changes over time [35] using fractional polynomials of one and two degrees with powers (2, (1, (0.5, 0 (natural log), 0.5, 1, 2 and 3. The best-fitting fractional polynomial was selected by comparing the deviance of different models and had powers 0.5 and 1. Random effects on the different fractional polynomial terms accounted for the correlation of repeated measurements within each subject. For degree-2 models unstructured and diagonal covariance matrices were compared. Models with an unstructured covariance matrix were selected, as their Akaike information criterion was smaller. Univariable LMMs were used to assess covariate effects, and a manual backwards selection method was used to select significant variables in a multivariable LMM. To confirm the adequacy of the model, residual homoscedasticity and normality were graphically checked.
To address possible informative dropout we performed a sensitivity analysis restricted to patients remaining in care beyond the 12 months of ART (patients deceased or lost to follow-up were excluded). Patients were defined as lost to follow-up if they were not known to have died, not known to have transferred out and not seen at the clinic at least once in the last six months prior to the closure date of the database [36] .
In a second sensitivity analysis, we performed the multivariable LMM in an intent-to-treat analysis.
Results
Selection of the study sample As of March 2013 the IeDEA-WA database contained 2005 patients infected with HIV-2 (or dually infected with HIV-1 and HIV-2). Figure 1 shows the different steps of the selection of the study sample. We excluded 590 HIV-2 patients and 344 dually infected patients because they were not treated with ART. We excluded 485 patients because they were dually infected, one patient with an unknown first-line ART regimen and 44 (7.5%) HIV-2 patients treated with a non-recommended first-line ART regimen. Among these 44 patients, 41 were initially treated with an NNRTI-based regimen and three with only two drugs. Of these 44 patients, 31 (70.5%) treated with a non-recommended ART regimen had a subsequent drug combination switch reported (28 (90.3%) switched to a PI-based regimen and three patients (9.7%) switched to a triple NRTI regimen), at a median 14 months after ART initiation (interquartile range (IQR) 2.7 to 21.3 months). After exclusion of 118 patients without documented baseline CD4 count measurements, there remained 422 eligible HIV-2-infected patients that initiated ART between 1999 and 2012 who constituted the core sample for this analysis.
Sample characteristics
Of 422 eligible patients, 285 (67.5%) started a boosted PI-based ART regimen, 104 (24.6%) an unboosted PI-based regimen and 33 (7.8%) a triple NRTI regimen ( Table 1 ). The subjects in the three groups had similar sex and age distributions, mortality and loss to follow-up, but varied markedly in their baseline clinical stage, baseline CD4 count, followup duration and the calendar year of starting ART (Table 1) . Of the patients treated with a boosted or unboosted PI-based regimen, 17% had an advanced clinical stage (WHO IV or CDC C) compared to 21.2% of patients treated with three NRTIs (p00.02). Baseline CD4 cell count was lower in the unboosted PI group (median 129 cells/ml; 67 to 206) compared to the boosted PI group (173 cells/ml; 80 to 265) and to the NRTI group (192 cells/ml; 114 to 308; p 00.003). Median followup time was higher for the unboosted PI group (median 44 months; 13.2 to 72.0) compared to 17.7 months (2.4 to 36.6) and 12.9 months (0 to 38.9) for patients treated with a boosted PI-based and a three-NRTI regimen, respectively (pB0.001). Twenty-one (63.6%) patients initially treated with three NRTIs started their first-line ART regimen between 2008 and 2012, compared to 191 (67.0%) patients treated with a boosted PI-based regimen and 9 (8.6%) patients treated with an unboosted PI-based regimen (p B0.001). Of the patients treated with a PI-based regimen (boosted or not) 55% were female, compared to 42.4% of the patients treated with three NRTIs (p 00.35). The median age at ART initiation was 45.5 (38.9 to 52.1), 44.2 (36.9 to 51.2) and 46.1 (40.7 to 51.9) years for patients treated with a boosted PI-based, unboosted PIbased and triple NRTI regimen, respectively (p00.59). Twelve months after starting ART there were 12 (2.8%) deaths in total, with similar proportions in the three treatment groups (3.2%, 1.9% and 3.0% in the boosted PI, unboosted PI and NRTI groups, respectively; p 00.80). Twenty-four percent of patients were lost to follow-up after 12 months (p00.43).
The triple NRTI ART combinations prescribed were AZT'3TC and ABC for 22 patients (66.7%), stavudine'3TC and didanosine for six patients (18.2%), stavudine'3TC and ABC for three patients (9.1%) and AZT'3TC and didanosine for two patients (6.1%). For patients treated with a boosted PI-based regimen, the initial combinations mostly prescribed were AZT'3TC and lopinavir-ritonavir for 130 patients (45.6%), stavudine'3TC and lopinavir-ritonavir for 52 patients (18.3%) and AZT'3TC'indinavir and ritonavir for 34 patients (11.9%). For patients treated with an unboosted PI-based regimen, the initial combinations mostly prescribed were AZT'3TC' indinavir for 61 patients (58.7%), stavudine'3TC'indinavir for 25 patients (24.0%) and AZT'3TC'nelfinavir for 9 patients (8.7%). Lopinavir-ritonavir was the most frequently prescribed PI for 73.7% in the boosted PI group (n0210), followed by indinavir for 25.3% (n072) and saquinavir for three patients (1.1%). In the unboosted PI group 88 (84.6%) patients were treated with indinavir and 16 (15.4%) with nelfinavir. Treatment modification during the first 12 months of ART was reported for 11 (33.3%) patients initially treated with three NRTIs: five patients switched to a boosted PI-based regimen, four to another NRTI-based combination and two to an NNRTI-based regimen. Of 45 (15.8%) patients initially treated with a boosted PI-based regimen who had a treatment modification within 12 months, 38 were still treated with a boosted PI-based regimen, three were treated with three NRTIs, two with a NNRTI combination, one with an unboosted PI-based regimen and one with two NRTIs. Of 27 (26.0%) patients initially treated with an unboosted PI-based regimen, 24 were treated with a boosted PI-based regimen, two with an NNRTI combination and one with three NRTIs. The median times from ART initiation to treatment modification were 5.7 (2.9 to 8.9), 4.9 (2.8 to 8.7) and 5.8 (2.0 to 8.8) months for patients initially treated with three-NRTI, unboosted PI-based and boosted PI-based regimens, respectively. Reasons for ART modification were not recorded in the database. Figure 2a shows trajectories of CD4 count recovery estimated by the multivariable LMM stratified by CD4 count category at baseline. In the reference group (women treated with a boosted PI-based regimen and with an initial CD4 count B50 cells/ml), the mean CD4 changes were 132 cells/ml (95% CI 89 to 176) and 191 cells/ml (95% CI 142 to 241) at 6 and 12 months after starting ART, respectively. Table 2 shows estimated mean CD4 changes at 6 and 12 months after starting ART. The CD4 count response to ART within the first 12 months of ART was associated with the absolute value of the baseline CD4 count (p 00.0291), with gender (p 00.0302) and with the type of first ART regimen (p00.0045). Compared to patients with a baseline CD4 count B50 cells/ml, patients with baseline CD4 count ]350 had lower CD4 count recovery ( (99 cells/ml ((164 to (34)) 12 months after ART initiation. Compared to women, men had a lower CD4 count recovery after 12 months of ART ( (39 cells/ml ((71 to (8)). We found no association between CD4 response to ART and age, baseline haemoglobinaemia, year of ART initiation, country and initial clinical stage (data not shown).
Immunologic response to ART treatment
There was a strong association between the type of firstline ART regimen and the overall CD4 response trajectory (p00.0045). Compared to patients initially treated with a boosted PI-based regimen, CD4 count recovery was lower for patients treated with three NRTIs or with an unboosted PI-based regimen ((72 cells/ml ((129 to (16); (42 cells/ml ( (74 to (10), respectively) at six months. The difference in CD4 count recovery between the three treatment groups persisted at 12 months (Figure 2b) .
The results of the sensitivity analysis restricted to patients remaining in care (n0265) were similar to those from the main analysis. CD4 count changes at 12 months estimated from these two models, according to baseline CD4 count, are shown in Figure 3 .
The results of the second sensitivity intent-to-treat analysis were similar to those from the main analysis.
Discussion
Based on a collaborative analysis of data combined from 12 clinics located in five West African countries, we described immunological responses of HIV-2 infected patients in the Females with initial CD4 count B50 cells/ml treated with boosted PI-based regimen; CI, confidence interval; ART, antiretroviral treatment; PI, protease inhibitor; NRTI, nucleoside reverse-transcriptase inhibitors; b the mean CD4 count change for the reference group at 6 months was 132 cells/ml (95% CI 089; 176); c the mean CD4 count change for the reference group at 12 months was 191 cells/ml (95% CI 0142; 241).
largest sample of HIV-2-infected patients followed for up to 12 months on ART. We compared the ART regimens recommended by the WHO for low-and middle-income settings and found CD4 count responses to be higher for patients treated with boosted PI-based regimens than for those treated with triple NRTI or unboosted PI-based regimens 6 and 12 months after ART initiation. Another study that investigated the immunological responses to the two first-line ART regimens for HIV-2 infected patients, the European cohort study ACHI E V 2E [20] , showed a lower immunological response for patients initially treated with three NRTIs than those treated with a PI-based regimen. Indeed, a CD4 count decrease was observed for patients treated with three NRTIs ( (60 cells/ml per year) and a CD4 count increase for those treated with a PI-based regimen ('76 cells/ml per year). At 12 months, the CD4 counts for patients treated with three NRTIs and a PI-based regimen were 191 and 327 cells/ml, respectively. The immunological response beyond month 12 was not investigated in that study. Whether the early immunological advantage observed with boosted PI-based ART translates into clinical benefits cannot be answered here and will be difficult to investigate.
In light of the results of the European cohort study [20] , in 2013 a French group of experts [37] recommended the use of a PI-based regimen as a first-line combination and ceased to recommend the use of a triple NRTI-based regimen for HIV-2 infected patients. The choice between the two first-line regimens is probably more critical in low-income countries: On the one hand, therapies based on a combination of three NRTIs are an interesting alternative in a context of high tuberculosis prevalence because treatment with a rifampinbased regimen requires double boosting of ritonavir in association with lopinavir or saquinavir, which results in an increased risk of hepatotoxicity [38] . On the other hand, the risk of occurrence of drug resistance has to be balanced against this as there are limited options for second-line regimens. We recently reported that, after a median duration of four years on PI-based regimens, 74% of 145 HIV-2-infected patients had suppressed viral loads of B50 copies/ml; however, HIV-2 resistance mutations to NRTIs and PIs were detected in 21 of 25 (84%) and 20 of 29 (69%) samples, respectively, despite adequate antiretroviral plasma concentrations [39] . This study clearly showed that in cases of virological failure there is a limited HIV-2 therapeutic arsenal and that cross-resistance dramatically reduced second-line treatment options. Another study reported that 40% of patients with PI resistance mutations appeared to be resistant to darunavir, which is recommended as second-line therapy for HIV-2 patients [40] . With regard to the HIV-2 therapeutic arsenal, in cases of NRTI and PI resistance, the only active drug class is integrase inhibitors and possibly the CCR5 inhibitor maraviroc. However, the use of integrase inhibitors may be limited in pretreated patients who require a combination with fully active drugs and who harbour NRTI-resistant viruses because of the low genetic barrier to resistance of this drug class. The potential use of integrase inhibitors and maraviroc is also limited by the high costs of these medicines.
Among patients who initiated triple NRTI regimens, onethird had changed treatment over the period of 12 months. This rate was higher compared to other African public health ART programmes treating HIV-1 patients and needs further exploration to understand the reasons for treatment modification among HIV-2 patients. The most obvious explanation for the high switch rate is the known inferiority of triple NRTI regimens and co-treatment of tuberculosis being the main reason for their use. Side effects, tolerability or adherence could not be investigated as they were not available in our database. In the European HIV-2 cohort study, treatment modification was less common with switching reported in 12% of patients in the PI group and 18% in the NRTI group [20] .
A limitation of our study was the small number and limited follow-up duration of HIV-2 infected patients treated with three NRTIs (17 of the 33 patients had at least one CD4 count documented after six months). Indeed, in the WHO guidelines of 2010 [8] this ART regimen was only recommended for patients with a CD4 cell count !200 cells/ml. In the 2013 WHO consolidated guidelines [9] this eligibility criteria has been dropped, which could lead to triple NRTI regimens being prescribed more widely.
Another limitation is the use of suboptimal triple NRTI regimens in West Africa. Some combinations used in this study, such as AZT'3TC'ABC, are not well tolerated and are known to be less potent than triple NRTI regimens used elsewhere in Africa.
Because the three groups of patients compared in our study differed in terms of baseline CD4 count, baseline clinical stage and follow-up duration, this analysis was possibly affected by selection bias and the results should be interpreted with caution, as in all observational cohorts comparing treatment regimens [41] . In resource-limited countries, high rates of patients lost to follow-up are frequently observed [42, 43] , which could induce informative dropout [44] . However the results of the sensitivity analysis we conducted on patients remaining in care were similar to those of the main analysis, showing that this informative dropout bias was limited. In conclusion this study further demonstrates the inferiority of unboosted indinavir and triple nucleoside regimens for the treatment of HIV-2 infection. Limitations inherent in this observational design will be addressed by the First-Line Treatment for HIV-2 trial (FIT-2, NCT02150993) already underway in five countries in West Africa and funded by the Agence Nationale de Recherches sur le Sida et les hépatites virales (ANRS). The critical issue of second-line regimens for HIV-2, including the optimal sequence of integrase inhibitors and/ or boosted PIs, could potentially be addressed by a study enrolling the subjects failing therapy in those two arms of the FIT-2 trial. 
